Abstract. The university course timetabling problem is a typical combinatorial optimization problem. This paper tackles the multi-objective university course timetabling problem (MOUCTP) and proposes a guided search non-dominated sorting genetic algorithm to solve the MOUCTP. The proposed algorithm integrates a guided search technique, which uses a memory to store useful information extracted from previous good solutions to guide the generation of new solutions, and two local search schemes to enhance its performance for the MOUCTP. The experimental results based on a set of test problems show that the proposed algorithm is efficient for solving the MOUCTP.
Introduction
In the university course timetabling problem (UCTP), events (subjects, courses) have to be set into a number of time slots and located in suitable rooms while satisfying various constraints. The UCTP is one of the most challenging scheduling problems due to its complexity and highly constrained nature. Usually, the UCTP is NP-hard. It is very difficult to find a general and effective solver for the UCTP due to the diversity of the problem and variance of constraints from institute to institute. Researchers have proposed various approaches, e.g., constraintbased methods, population-based methods, meta-heuristic, and hyper-heuristic approaches, for timetabling. Most research has taken timetabling as a single objective problem by combining multiple criteria into a single scalar value and then minimising the weighted sum of constraint violations as the only objective function. Few work has tackled the multi-objective UCTP (MOUCTP). Burke et al. [3] proposed a hyper-heuristic approach for MOUCTPs. Carrasco and Pato [5] used a bi-objective genetic algorithm (GA) to the class teacher timetabling problem. Datta et al. [6] used the non-dominated sorting GA (NSGA-II) [7] as a university class timetable optimizer. They used a bi-objective model to minimize the soft-constraint violations. A comprehensive review on multi-objective evolutionary algorithms (MOEAs) can be found in [2] . This paper proposes a guided search non-dominated sorting GA (GSNSGA) to solve the MOUCTP. GSNSGA integrates a guided search technique [9] and local search (LS) techniques into NSGA-II to solve the MOUCTP. NSGA-II [7] is chosen since it has been successfully used for multi-objective problems in different fields, including timetabling [5] . The guided search technique is used to create offspring to increase the rate of highly fit individuals in the population that lead NSGA-II to find the non-dominated set of solutions and LS techniques are used to enhance the performance of GSNSGA by encouraging better convergence and discovering any missing trade-off space. Experimental results on a set of MOUCTP instances show that GSNSGA is a good solver for the MOUCTP.
Description of the MOUCTP
The real-world UCTP consists of different constraints: some are hard constraints and some are soft constraints. Hard constraints must not be violated under any circumstances, e.g., a student cannot attend two events at the same time. Soft constraints should preferably be satisfied, e.g., a student should not attend more than two events in a row. It is very tough or even impossible to satisfy all the soft constraints [6] . This requires us to treat the scheduling of timetable as finding solutions over hard constraints, and optimize them over soft constraints [14] .
In this paper, we will test algorithms on the problem instances discussed in [13] . These instances are dealt with as the MOUCTP due to the lack of MOUCTP benchmarks in the literature. We deal with the following hard constraints:
-No student attends more than one events at the same time; -The room is big enough for all the attending students; -The room satisfies all the features required by the event; -Only one event is in a room at any time slot.
There are also soft constraints, which are equally penalized by the number of their violations and are described as follows:
-A student has an event in the last time slot of a day; -A student attends more than two events consecutively; -A student has a single event on a day.
The number of violations of each of the above three kinds of soft constraints can be taken as one objective function to be minimized. Hence, we have three objective functions, f 1 (x), f 2 (x), and f 3 (x), which are associated with the above three kinds of soft constraints, respectively, in the MOUCTP in this paper.
In a UCTP, we assign an event (course, lecture) into a time slot and also assign a number of resources (students and rooms) such that there is no conflict between the rooms, time slots, and events. The UCTP consists of a set of n events E = {e 1 , e 2 , ..., e n } to be scheduled into a set of 45 time slots T = {t 1 , t 2 , ..., t 45 } (9 for each day in a five-day week), a set of m rooms R = {r 1 , r 2 , ..., r m } in which events can take place, a set of k students S = {s 1 , s 2 , ..., s k } who attend the events, and a set of l available features F = {f 1 , f 2 , ..., f l } that are satisfied
